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PREFACE 
During t h e  t h r e e  y e a r s  between 1978-1980, work on t h e  c o l -  
l e c t i o n  and assessment  o f  t h e  e x i s t i n g  models which d e s c r i b e  
t h e  env i ronmenta l  i m p a c t s  o f  a g r i c u l t u r e  h a s  been  c a r r i e d  o u t  
a t  IIASA. The work c o n c e n t r a t e d  on t h e  problems o f  s o i l  e r o s i o n ,  
n i t r o g e n  l e a c h i n g ,  and  phosphorus and p e s t i c i d e  l o s s e s .  A com- 
p l e x  f i e l d  l e v e l  model (CREAMS), which c a n  b e  used  f o r  a n a l y s i s  
o f  t h e  above mentioned problems,  h a s  been implemented on t h e  
IIASA computer and ( u s i n g  t h i s  model) r e s e a r c h  i n  v a r i o u s  coun- 
t r i e s  h a s  been  done.  A Task Force  Meeting (Golubev and Shvytov,  
1980)  h e l d  i n  June  1980 by IIASA summarized t h e  u s e  o f  mathe- 
m a t i c a l  models f o r  a g r i c u l t u r a l  env i ronmenta l  p r o c e s s e s  on d i f -  
f e r e n t  f i e l d  and wa te r shed  l e v e l s  and advanced t h e  u n d e r s t a n d i n g  
~f some m e t ~ ~ o d o l o g i c a l  q u e s t i o n s .  The main q u e s t i o n  d e a l t  w i t h  
t h e  f e a s i b i l i t y  o f  t r a n s f e r r i n g  t h e  i n v e s t i g a t i o n  from a  f i e l d  
l e v e l  t o  a r e g i o n a l  one ,  and t h e  p o s s i b i l i t y  o f  u s i n g  a f i e l d  
l e v e l  model on a r e g i o n a l  l e v e l .  T h i s  p a p e r  a t t e m p t s  t o  c l a r i f y  
some a s p e c t s  o f  t h i s  q u e s t i o n .  
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I N T R O D U C T I O N  
The g l o b a l  p o p u l a t i o n  g rowth  and  t h e  i n c r e a s i n g  demands f o r  
a g r i c u l t u r a l  p r o d u c t s  l e a d  on t h e  o n e  hand t o  t h e  e x t e n s i o n  o f  
a g r i c u l t u r a l  l a n d  and  on t h e  o t h e r  t o  t h e  i n t e n s i f i c a t i o n  o f  l a n d  
u s e .  Both  methods have  d e t r i m e n t a l  e f f e c t s  on t h e  e n v i r o n m e n t .  
The p r o b l e m s  o f  a g r i c u l t u r a l  i n f l u e n c e  on t h e  env i ronmen t  h a v e  
a g l o b a l  c h a r a c t e r  ( f o r  example ,  s e e  Golubev e t  a l . ,  1 9 7 8 ) .  
S i n c e  t h e  b e g i n n i n g  o f  1978 ,  t h e  a n a l y s i s  o f  t h e  e n v i r o n m e n t a l  
p rob l ems  o f  a g r i c u l t u r e  i s  one o f  t h e  r e s e a r c h  i s s u e s  i n  t h e  
R e s o u r c e s  and  Envi ronment  Area  a t  IIASA (Golubev and  S h v y t o v ,  1 9 8 0 ) .  
M a t h e m a t i c a l  models o f f e r  one  i m p o r t a n t  i n s t r u m e n t  f o r  
i n v e s t i g a t i o n  o f  t h e  e n v i r o n m e n t a l  p rob l ems  o f  a g r i c u l t u r e .  
P r e s e n t l y ,  t h e r e  a r e  a number o f  m a t h e m a t i c a l  models  d e a l i n g  
w i t h  d i f f e r e n t  e n v i r o n m e n t a l  consequences  o f  a g r i c u l t u r a l  p r o -  
d u c t i o n  ( H a i t h ,  1 9 8 0 ) .  O f  c o u r s e ,  t h e r e  a r e  no p e r f e c t  and  
u n i v e r s a l  models  a c c o u n t i n g  f o r  a l l  e n v i r o n m e n t a l  c o n s e q u e n c e s  o f  
t h e  p r o d u c t i o n  y i e l d .  Most o f  t h e  models  ( H a i t h ,  1 9 8 0 )  d e a l  o n l y  
w i t h  a  h y d r o l o g i c a l  component ,  and some o f  them i n c l u d e  t h e  
e r o s i o n  p r o c e s s ,  b u t  o n l y  f o u r  ( H a i t h ,  1980)  c o n s i d e r  a combin- 
a t i o n  o f  f a c t o r s :  a h y d r o l o g i c a l  component,  an  e r o s i o n / s e d i m e n t  
component ,  a p e s t i c i d e  component ,  and  a c h e m i c a l  p o l l u t i o n  
component f rom t h e  f i e l d s .  The s c a l e  o f  a p p l i c a t i o n  o f  t h e s e  
models  i s  a f i e l d  o r  w a t e r s h e d .  A t  p r e s e n t  t h e r e  are  no r e g i o n a l  
models  t o  e v a l u a t e  e n v i r o n m e n t a l  e f f e c t s  o f  a l t e r n a t i v e  a g r i -  
c u l t u r a l  p o l i c y .  One p o s s i b l e  way t o  a c c o m p l i s h  t h i s ,  however ,  
i s  t o  a t t e m p t  t o  u s e  t h e  f i e l d  l e v e l  models  on a  r e g i o n a l  l e v e l  
(Golubev  and  S h v y t o v ,  1 9 8 0 ) .  But b e f o r e  t h i s  ' is d o n e ,  one  must 
c l a r i f y  t h e  l i m i t s  o f  a g r i c u l t u r a l  f i e l d  mode l s .  T h i s  p a p e r  
makes s u c h  a n  a t t e m p t ,  u s i n g  t h e  CREAMS model a s  a n  example .  
THE BASIS OF THE CREAMS MODEL 
The CREAMS model i s  one  o f  t h e  f o u r  models  wh ich  comprehen- 
s i v e l y  d e s c r i b e  t h e  e n v i r o n m e n t a l  e f f e c t s  o f  a g r i c u l t u r e  
( K n i s e l ,  1 9 8 0 ) .    his model ,  d e v e l o p e d  by t h e  US Depar tment  o f  
A g r i c u l t u r e ,  q u a n t i t a t i v e l y  e v a l u a t e s  r u n o f f ,  t h e  e r o s i o n  
p r o c e s s ,  and  s e d i m e n t  t r a n s p o r t ,  p l a n t  n u t r i e n t ,  a n d  p e s t i c i d e  
y i e l d  f rom a g r i c u l t u r a l  f i e l d s ,  a s  a  f u n c t i o n  o f  r a i n f a l l ,  s o i l  
c o n d i t i o n s ,  c r o p s ,  f e r t i l i z e r s ,  e t c .  The CREAMS model p rogram 
was implemented  on t h e  IIASA computer  and  u s e d  t o  a n a l y z e  
h y d r o l o g i c a l  and  e r o s i o n  p r o c e s s e s  and  n o n p o i n t  s o u r c e  c h e m i c a l  
p o l l u t i o n  f rom f i e l d s .  The r e s u l t s  o f  management p r a c t i c e s  and  
management a l t e r n a t i v e s  i n  e i g h t  European c o u n t r i e s  were  e v a l u a t e d .  
L e t  u s  now c o n s i d e r  b r i e f l y  t h e  mechanism o f  t h i s  model as 
w e l l  a s  some o f  i t s  p o s i t i v e  and  n e g a t i v e  a s p e c t s .  Two p a p e r s  
h a v e  b e e n  p u b l i s h e d  wh ich  u s e  t h e  CREAMS model as a n  example i n  
d i s c u s s i n g  t h e  above  men t ioned  p rob lems  i n  Eng land  a n d  Czecho- 
s l o v a k i a  (Morgan, 1980;  Holy e t  a l .  1 9 8 1 ) .  F o r t h c o m i n g  p a p e r s  
w i l l  r o u n d  o u t  t h e  a n a l y s e s  o f  t h e  u s e  o f  t h e  CREAMS model i n  
v a r i o u s  c o u n t r i e s .  
It was n o t e d  t h a t  t h e  CREAMS model a d d r e s s e s  q u e s t i o n s  a t  
t h e  f i e l d  l e v e l .  I n  c r e a t i n g  t h i s  model ,  t h e  s c i e n t i s t s  wanted  
t o  d e v e l o p  a  model wh ich  would n o t  r e q u i r e  s p e c i a l  c a l i b r a t i o n  
f o r  d i f f e r e n t  g e o g r a p h i c a l  a r e a s .  L e t  u s  c o n s i d e r  t h i s  model  
f rom t h e  a s p e c t  o f  "homogenei ty1 '  o f  an  a g r i c u l t u r a l  f i e l d ,  
b e c a u s e  t h e  c o n c e p t  o f  "homogene i ty"  i s  t h e  m a j o r  l o g i c a l  
c o n s t r u c t  f o r  t h e  model .  "Homogeneous" means t h a t  t h e  f i e l d  o r  
a r e a  c o n s i d e r e d  c o n t a i n s  a  r e l a t i v e l y  homogeneous s o i l  compo- 
s i t i o n ,  e x p e r i e n c e s  u n i f o r m  d i s t r i b u t i o n  o f  p r e c e i p t a t i o n ,  and  
t h a t  t h e  same management p r a c t i c e s  a r e  a p p l i e d .  I f  t h e  a c t u a l  
f i e l d  c o n d i t i o n s  conform t o  t h e  d e f i n i t i o n  o f  homogene i ty ,  t h e  
s i z e  o f  t h e  f i e l d  need  n o t  be  c o n s i d e r e d .  
The CREAMS model c o n s i s t s  o f  t h r e e  main p a r t s  which  g e n e r a t e  
t h e  o u t p u t  d a t a ,  c h a r a c t e r i z i n g  t h e  h y d r o l o g i c a l ,  e r o s i o n  s e d i m e n t ,  
and  c h e m i c a l  p o l l u t i o n  p r o c e s s e s .  The p e c u l i a r i t y  o f  t h i s  model 
i s  t h a t ,  r e l a t i v e l y ,  i t  n e e d s  a g r e a t  d e a l  o f  i n i t i a l  i n f o r m a t i o n - -  
t h e  number o f  p a r a m e t e r s  a n d  i n p u t  d a t a  r e q u i r e d  f o r  t h e  CREAMS 
model e x c e e d s  70 .  I n  f a c t ,  t h e  r e s e a r c h e r s  do n o t  u s u a l l y  have  
comple t e  i n f o r m a t i o n  f o r  t h e  CREAMS model,  b u t  t h i s  c a n  b e  
s o l v e d  i n  m u l t i p l e  ways.  F o r  i n s t a n c e ,  somet imes  a d d i t i o n a l  
o b s e r v a t i o n s  must b e  made, a t  o t h e r  t i m e s  t h e  v a l u e s  o f  t h e  co- 
e f f i c i e n t s  c a n  be  t a k e n  f rom t h e  l i t e r a t u r e ,  e t c .  
The f i r s t  p a r t  o f  t h e  model i s  t h e  h y d r o l o g i c a l  component, 
which i s  e x t r e m e l y  i m p o r t a n t  s i n c e  w a t e r  i s  t h e  p r i n c i p a l  
e lement  o f  t h e  sys tem.  The o u t p u t  d a t a  from t h i s  component 
d e f i n e s  t h e  e r o s i o n  p r o c e s s ,  and sed imen t  and chemica l  l o s s e s  
from t h e  f i e l d .  The h y d r o l o g i c a l  component o f  t h e  CREAMS model 
i n c l u d e s  c o n s i d e r a t i o n  o f  many p h y s i c a l  p r o c e s s e s  which d e a l  
w i t h  w a t e r  and s o i l  - i n f i l t r a t i o n ,  s u r f a c e  r u n o f f ,  p e r c o l a t i o n  
t h r o u g h  t h e  r o o t  zone o f  t h e  s o i l ,  and e v a p o t r a n s p i r a t i o n  ( b o t h  
s o i l  and  p l a n t  e v a p o r a t i o n  l o s s e s ) .  The h y d r o l o g i c a l  component 
u s e s  two o p t i o n s  and t h e  c h o i c e  o f  one depends  on t h e  a v a i l a b l e  
d a t a ;  i t  can  u s e  d a i l y  r a i n f a l l  d a t a  ( O p t i o n  1) o r  h o u r l y  
r a i n f a l l  d a t a  ( O p t i o n  2 ) .  The h y d r o l o g i c a l  component o f  t h e  
CREAMS model i n c l u d e s  c o n s i d e r a t i o n  o f  t h e  g e o g r a p h i c a l  p o s i t i o n  
o f  an a g r i c u l t u r a l  f i e l d ,  topography o f  t h e  s l o p e ,  c l i m a t i c  
c o n d i t i o n s ,  compos i t ion  o f  t h e  s o i l ,  and o t h e r  f a c t o r s .  The 
number o f  p a r a m e t e r s  d e f i n i n g  t h e  h y d r o l o g i c a l  component i s  
more t h a n  2 0 .  The s e n s i t i v i t y  a n a l y s i s  o f  t h e  CREAMS model 
( K n i s e l ,  1980)  showed t h r e e  p a r a m e t e r s  o f  t h e  h y d r o l o g i c a l  
component which i n f l u e n c e  t h e  f i n a l  h y d r o l o g i c a l  o u t p u t  v e r y  
s t r o n g l y .  The f i r s t  one i s  t h e  p o r t i o n  o f  a v a i l a b l e  w a t e r  
s t o r a g e  p l a n t  f i l l e d  a t  f i e l d  c a p a c i t y ,  t h e  second  i s  t h e  s o i l  
e v a p o r a t i o n  p a r a m e t e r ,  and t h e  t h i r d  i s  a  r u n o f f  c u r v e  number 
f o r  t h e  a n t e c e d e n t  m o i s t u r e  c o n d i t i o n .  The c o n c r e t e  meaning o f  
t h e  l a s t  p a r a m e t e r  i s  t a k e n  from t h e  N a t i o n a l  E n g i n e e r i n g  Hand- 
book ( K n i s e l ,  1 9 8 0 ) .  Note t h a t  t h e  q u a n t i t a t i v e  v a l u e s  o f  
t h e s e  p a r a m e t e r s  must b e  measured ve ry  c a r e f u l l y  s i n c e  t h e  model 
i s  very  s e n s i t i v e  t o  s m a l l  changes i n  t h e i r  v a l u e s  and t h e  
d e v i a t i o n s  i n  t h e  i n i t i a l  i n f o r m a t i o n  w i l l  b e  m u l t i p l i e d  by t h e  
f o l l o w i n g  p a r t s  o f  t h e  CREAMS model. 
The second  p a r t  o f  t h e  CREAMS model i s  t h e  e r o s i o n  component. 
T h i s  component of t h e  CREAMS model i s  v e r y  c l o s e l y  connec ted  w i t h  
t h e  h y d r o l o g i c a l  component, which d e f i n e s  t h e  p h y s i c a l  p r o c e s s  
o f  s o i l  de t achment ,  t r a n s p o r t ,  and d e p o s i t i o n .  B i r d  d r o p s  
d e t a c h  p a r t i c l e s  f rom t h e  s o i l  and c a u s e  them t o  r u n  o f f .  The 
p r o c e s s  i s  d e f i n e d  by t h e  sed imen t  t r a n s p o r t  c a p a c i t y .  A l l  
d e t a c h e d  p a r t i c l e s  w i l l  be  removed from t h e  f i e l d  i f  t h e  
sed imen t  l o a d  i s  l e s s  t h a n  t h e  sed imen t  t r a n s p o r t  c a p a c i t y ,  
o t h e r w i s e  d e p o s i t i o n  o f  t h e  s o i l  p a r t i c l e s  w i l l  o c c u r .  The 
model used  two o p t i o n s :  i f  u s i n g  t h e  f irs t  one ,  d i s t r i b u t i o n  o f  
t h e  s o i l  p a r t i c l e s  must be  known. I f  t h i s  d i s t r i b u t i o n  i s  n o t  
known, t h e  second  o p t i o n  i s  used  and i t  i s  assumed t h a t  t h e r e  
a r e  f i v e  p a r t i c l e  t y p e s ,  The e r o s i o n  component i n c l u d e s  c o n s i d e r -  
a t i o n  o f  t h e  p r imary  p a r t i c l e s  and t h e i r  a g g r e g a t i o n .  The amount 
o f  sed imen t  depends on t h e  s o i l  p r o p e r t i e s ,  r a i n f a l l  and r u n o f f ,  
and management p o l i c i e s .  The c a l c u l a t i o n  o f  s t o r m  ene rgy  depends 
on t h e  a v a i l a b l e  d a t a :  d a i l y  o r  h o u r l y  r a i n f a l l .  The c a l c u l a t i o n  
o f  t h e  e r o s i o n / s e d i m e n t  component t a k e s  i n t o  a c c o u n t  c o n f i g u r -  
a t i o n  o f  t h e  s l o p e  segments .  The s e n s i t i v i t y  a n a l y s i s  o f  t h i s  
component i n d i c a t e s  t h r e e  p a r a m e t e r s  which a r e  o f  p a r t i c u l a r  
s i g n i f i c a n c e  from t h e  p o i n t  o f  view o f  t h e  t o t a l  s ed imen t  y i e l d :  
( 1 )  h y d r a u l i c  o v e r l a n d  f l o w  roughness ,  ( 2 )  c h a n n e l  slope, and 
( 3 )  f r i c t i o n  s l o p e .  
The t h i r d  component i s  c h e m i s t r y ,  which i s  r e l a t e d  t o  t h e  
f irs t  and second  components .  The b a s i c  i d e a  d e f i n i n g  t h i s  com- 
ponen t  i s  t h a t  n i t r o g e n  and phosphorus  mix w i t h  s o i l  p a r t i c l e s  
i n  t h e  r u n o f f ,  whereas  s o l u b l e  n i t r o g e n  and phosphorus  are  removed 
w i t h  t h e  s u r f a c e  r u n o f f .  The p r o c e s s e s  o f  t h e  removal  o f  n i t r o g e n  
i n  t h e  form o f  n i t r a t e  by l e a c h i n g ,  by d e n i t r i f i c a t i o n ,  and  by 
e x t r a c t i o n  from t h e  p l a n t s ,  are a l s o  c o n s i d e r e d .  O f  s i x t e e n  
c h e m i c a l  e l e m e n t s  n e c e s s a r y  f o r  t h e  p l a n t s ,  t h e  CREAMS model 
c a l c u l a t e s  an  a v e r a g e  c o n c e n t r a t i o n  o f  s o l u b l e  n i t r o g e n  and 
phosphorus  i n  t h e  r u n o f f ,  and t h e  a v e r a g e  c o n c e n t r a t i o n  o f  t h e  
n i t r a t e  l e a c h e d  from t h e  s o i l .  The c h e m i c a l  component i s  t h e  
most c o m p l i c a t e d  one ,  b e c a u s e  i t  t a k e s  i n t o  c o n s i d e r a t i o n  a l l  
e l e m e n t s  o f  t h e  CREAMS model :  w e a t h e r  and  s o i l ,  t o p o g r a p h y ,  and 
c r o p s .  
The a u t h o r s  of  t h e  CREAMS model c o n s i d e r e d  the s e n s i t i v i t y  
p a r a m e t e r s  o f  t h e  model t o  d i f f e r e n t  v a l u e s  o f  n i t r o g e n  and 
phosphorus  i n  r u n o f f  and  i n  s e d i m e n t ,  l e a c h e d  n i t r a t e  and  u p t a k e .  
They conc luded  t h a t  t h e  r e s u l t s  depend on c e r t a i n  v a l u e s  o f  t h e  
p a r a m e t e r s  which a r e  f i x e d .  
SOME DIFFICULTIES A N D  RESTRICTIONS I N  USING 
THE CREAMS MODEL 
Every model s i m p l i f i e s  r e a l i t y ,  t h e i r  p u r p o s e  b e i n g  t o  
r e f l e c t  t h e  most i m p o r t a n t  f e a t u r e s  o f  t h e  a c t u a l  s i t u a t i o n .  The 
CREAMS model was d e v e l o p e d  t o  d e s c r i b e  o n l y  c e r t a i n  p r o c e s s e s  i n  
t h e  a g r i c u l t u r a l  f i e l d ,  s u c h  as: r u n o f f ,  w a t e r  e r o s i o n ,  p e s t i c i d e ,  
and  p l a n t  n u t r i e n t  l o s s e s  f rom t h e  f i e l d  a r e a .  But t h e  q u e s t i o n  
a r i s e s :  i s  i t  p o s s i b l e  t o  u s e  t h e  CREAMS model on a r e g i o n a l  
l e v e l  o f  i n v e s t i g a t i o n ?  (To be  d i s c u s s e d  l a t e r ) .  A t  p r e s e n t ,  we 
want t o  men t ion  t h a t  a t  t h e  r e g i o n a l  l e v e l ,  t h e r e  a r e  numerous 
e n v i r o n m e n t a l  consequences ,  b u t  t h e  CREAMS model d e a l s  w i t h  o n l y  
some o f  them. The p r o c e s s e s  o f  s o i l  c o n d e n s a t i o n ,  i r r i g a t i o n ,  
s a l i n i z a t i o n  and w a t e r l o g g i n g ,  r e s e r v o i r  s i l t i n g ,  d r a i n a g e ,  wind 
e r o s i o n ,  e t c . ,  a r e  n o t  cove red  by t h e  CREAMS model.  The CREAMS 
model does  have  s e v e r a l  r e s t r i c t i o n s  p a r t l y  b e c a u s e  i t  c o n s i d e r s  
o n l y  i n o r g a n i c  f e r t i l i z e r s ,  and  n o t  o r g a n i c  f e r t i l i z e r s  a s  w e l l .  
The a g r i c u l t u r a l  f i e l d  b e i n g  s t u d i e d  must b e  i s o l a t e d .  The r u n o f f ,  
s o i l  p a r t i c l e s ,  and n u t r i e n t s  from o t h e r  f i e l d s  c a n n o t  e n t e r  t h e  
f i e l d  s t u d i e s .  T h i s  c i r c u m s t a n c e  must be  t a k e n  i n t o  c o n s i d e r -  
a t i o n  f o r  compar i son  o f  t h e  model o u t p u t  w i t h  measured d a t a .  
One o f  t h e  main d i f f i c u l t i e s  i n  u s i n g  t h e  CREAMS model i s  
i n c o m p l e t e n e s s  o f  t h e  r e q u i r e d  i n i t i a l  i n f o r m a t i o n  a l t h o u g h  t h i s  
s i t u a t i o n  i s  sometimes p r o v i d e d  f o r  i n  t h e  CREAMS model.  I n  
p a r t i c u l a r ,  o p t i o n  1 o f  t h e  h y d r o l o g i c a l  component i s  used  when 
t h e r e  i s  no h o u r l y  r a i n f a l l  d a t a .  Bu t ,  p h y s i c a l l y ,  t h e  e r o s i o n  
p r o c e s s  i s  d e f i n e d  f i r s t  o f  a l l  by t h e  i n t e n s i t y  o f  r a i n  and  i t s  
volume. It may be p o s s i b l e  t o  s a y  t h a t  i n  t h e  c a s e  o f  d a i l y  
r a i n f a l l  d a t a  ( O p t i o n  1 ,wh ich  i s  u s e d  more o f t e n  t h a n  Op t ion  21, 
we have  t h e  f i r s t  o r d e r  o f  t i m e  a g g r e g a t i o n  p r o c e d u r e s ,  which  may 
be u s e f u l  when i n v e s t i g a t i o n  on a  r e g i o n a l  l e v e l  i s  c o n s i d e r e d .  
Conce rn ing  a g g r e g a t i o n ,  f i e l d  l e v e l  models  a l s o  p r e s e n t  a n  
example of  t h e  f i r s t  o r d e r  o f  t h e  s o l u t i o n  o f  s p a c e  a g g r e g a t i o n  
problem, because  i n  r e a l i t y  t h e r e  a r e  no c o m p l e t e l y  homogeneous 
f i e l d s .  I n  t h e  f i e l d  env i ronmenta l  models ,  one must a g g r e g a t e  
from t h e  p o i n t s  of measurement t o  a f i e l d  g e n e r a l i z a t i o n .  The 
f i r s t  o r d e r  a g g r e g a t i o n  o v e r  s p a c e  and t i m e  a l l o w s  t h e  u s e  of  
p h y s i c a l  laws o r  r e g u l a r i t i e s .  I n  c e r t a i n  c a s e s  where t h e r e  
a r e  no p h y s i c a l  laws o r  r e g u l a r i t i e s ,  s t a t i s t i c a l  r e l a t i o n s h i p s  
on t h e  b a s i s  o f  f i e l d  o b s e r v a t i o n s  a r e  used  i n  t h e  f i e l d  l e v e l  
a g r i c u l t u r a l  model.  
T5e problem of  i n i t i a l  numer ica l  i n f o r m a t i o n  a p p l i e s  t o  a l l  
b r a n c h e s  o f  s c i e n c e  when t h e r e  i s  no p r e c i s e  exper imen t  t o  gener -  
a t e  t h e  n e c e s s a r y  d a t a .  Many complex e n v i r o n m e n t a l  models  need 
d a t a  from a l o n g  p e r i o d  of  t i m e ,  b u t  u s u a l l y ,  n o t  a l l  components 
of  t h e  models c o n t a i n  a d e q u a t e  i n i t i a l  i n f o r m a t i o n .  O b t a i n i n g  
p r e c i s e  measurements f o r  some components o f  t h e  models c a n  c r e a t e  
c o n s i d e r a b l e  economic e x p e n s e .  A s  a r e s u l t ,  a d i f f e r e n c e  between 
r e a l  and model o u t p u t  d a t a  i s  i n e v i t a b l e .  T h i s  q u e s t i o n  i s  espe-  
c i a l l y  i m p o r t a n t  i n  c e r t a i n  c a s e  s t u d i e s  u s i n g  t h e  CREAMS model 
as a n  i n v e s t i g a t i v e  t o o l .  The n a t u r a l  q u e s t i o n  c o n c e r n i n g  t h e  
comparison o f  r e a l  and model r e s u l t s  i s :  " I f  t h e  compar ison  r e -  
v e a l s  d i f f e r e n c e s ,  d o e s  t h e  model b a d l y  r e f l e c t  r e a l i t y  and v i c e  
v e r s a ? "  The answer t o  t h i s  q u e s t i o n  c a n  o n l y  be  a r r i v e d  a t  
t h r o u g h  a n a l y s i s  o f  c o e f f i c i e n t s  and p a r a m e t e r s  of t h e  model,  
and  p r e c i s e l y  measured i n f o r m a t i o n .  I n  many c a s e s  t h e  d e v i a t i o n  
o f  model d a t a  from obse rved  d a t a  s h o u l d  n o t  l e a d  t o  t h e  conc lu -  
s i o n  t h a t  t h e  model i n a d e q u a t e l y  r e f l e c t s  r e a l i t y ,  b e c a u s e  t h e  
d e v i a t i o n  can  be  t h e  r e s u l t  o f  poor  d a t a  c o l l e c t i o n .  The a n a l y -  
s i s  o f  r e a l  and  model o u t p u t  i s  e s p e c i a l l y  i m p o r t a n t  f o r  t h e  c a l -  
c u l a t i o n  o f  e r o s i o n  and chemica l  p o l l u t i o n ,  b e c a u s e  t h e s e  compo- 
n e n t s  o f  t h e  CREAMS model u s e  t h e  c a l c u l a t e d  r e s u l t s  f rom t h e  
h y d r o l o g i c a l  component as i n p u t .  However, t h i s  means t h a t  m i s -  
c a l c u l a t i o n s  o f  t h e  i n i t i a l  i n f o r m a t i o n  w i l l  b e  summarized i n  
f u t u r e .  The t e s t  o f  model s e n s i t i v i t y  i s  ve ry  i m p o r t a n t ,  a s  t h e  
e s t i m a t i o n  o f  t h e  s e n s i t i v i t y  o f  e v e r y  pa ramete r  i n  t h e  CREAMS 
model i s  made under  t h e  f i x e d  d e t e r m i n e d . v a l u e s  of o t h e r  param- 
e t e r s  ( K n i s e l ,  1 9 8 0 ) .  But l e t  u s  n o t e  t h a t  under  o t h e r  f i x e d  
d e t e r m i n e d  v a l u e s  of  t h e s e  p a r a m e t e r s ,  a n o t h e r  s e t  o f  p a r a m e t e r s  
may become s e n s i t i v e .  
POSSIBILITIES OF USING THE CREAMS 
MODEL O N  A REGIONAL LEVEL 
What i s  t h e  f e a s i b i l i t y  of  u s i n g  t h e  CREAMS model a t  a 
r e g i o n a l  l e v e l ?  It must b e  remembered t h a t  t h i s  model c o v e r s  
o n l y  some o f  t h e  env i ronmenta l  problems o f  a g r i c u l t u r e .  There-  
f o r e ,  t o  answer t h e  q u e s t i o n ,  a n o t h e r  q u e s t i o n  s h o u l d  b e  posed:  
What a r e  t h e  p r i n c i p a l  s i m i l ? . r i t i e s  and d i f f e r e n c e s  i n  t h e  con- 
sequences  a r i s i n g  from a g r i c u l t u r a l  p o l i c y  i n  a  f i e l d  and a  
r e g i o n ?  A p a r t i a l  answer t o  t h e  f i r s t  h a l f  o f  t h i s  q u e s t i o n  i s  
t h a t  b o t h  a  f i e l d  and a r e g i o n  a r e  s u b j e c t  t o  t h e  same n a t u r a l  
i n p u t :  p r e c i p i t a t i o n ,  r a d i a t i o n  and t e m p e r a t u r e  changes .  They 
a l s o  have  t h e  same o u t p u t :  e v a p o t r a n s p i r a t i o n ,  s u r f a c e  r u n o f f ,  
p e r c o l a t i o n ,  and chemica l  p o l l u t i o n .  
The f i r s t  o b v i o u s  d i f f e r e n c e  between a f i e l d  and r e g i o n  i s  
t h e i r  s i z e .  However, t h e  concep t  o f  a f i e l d  i s  u n r e l a t e d  t o  i t s  
s i z e .  A f i e l d  can  b e  one  a c r e  o r  a few hundred ,  arid b o t h  t h e s e  
s i z e s  of f i e l d  were used  i n  t h e  CREAMS model.  The e s s e n t i a l  
c h a r a c t e r i s t i c  o f  a f i e l d  i s  i t s  homogeneity--homogeneity o f  t h e  
f i e l d  s u r f a c e ,  a t r e l a t i v e l y  homogeneous s o i l ,  un i fo rm r a i n f a l l ,  
and s i n g l e  management p r a c t i c e .  
T h e r e f o r e ,  t h e  p r i n c i p a l  d i f f e r e n c e  be tween a f i e l d  and a 
r e g i o n  i s  t h a t  ? v e r y  r e g i o n  h a s  a v e r y  c o m p l i c a t e d  c o n f i g u r a t i o n ,  
c o n s i s t s  of  many f i e l d s  and does  n o t  have  homogeneous s o i l ,  r a i n -  
f a l l ,  p l a n t s ,  o r  management p r a c t i c e .  Bu t ,  pe rhaps  one were t o  
d i v i d e  t h e  r e g i o n  i n t o  s e v e r a l  p a r t s  and ,  u s i n g  c e r t a i n  p r o c e d u r e s ,  
o b t a i n e d  r a t h e r  l a r g e ,  b u t  r e l a t i v e l y  homogeneous model a r e a s ;  i s  
i t  p o s s i b l e  t o  u s e  t h e  CREAMS model f o r  t h e s e  a r e a s ?  I n  o t h e r  
words,  can  one a p p l y  t h e  same ma themat i ca l  r e l a t i o n s h i p  used  on 
t h e  f i e l d  l e v e l  t o  l a r g e  a r e a s ?  R e l e v a n t  t o  t h i s  q u e s t i o n ,  i s  
t h e  r e s e a r c h e r ' s  s t a t e m e n t  t h a t  t h e  CREAMS model does  n o t  r e q u i r e  
c a l i b r a t i o n  f o r  e a c h  s p e c i f i c  a p p l i c a t i o n .  But i n  f a c t ,  many 
o f  t h e  m a t h e m a t i c a l  e q u a t i o n s  of  t h e  CREAMS model have  l i m i t a t i o n s .  
Some examples  o f  t h i s  f o l l o w .  I n  t h e  h y d r o l o g i c a l  component o f  
t h e  CREAMS model,  t h e  e q u a t i o n  f o r  peak r u n o f f  r a t e  QR i s :  
(0 .917 DA 0.0166)  QR = 200 ( D A ) ~ ' ~  ( C S ) ~ " ~ ~  a ( Q )  (LW) -0.187 
where DA i s  t h e  d r a i n a g e  a r e a ,  CS i s  t h e  mainstem c h a n n e l  s l o p e ,  
Q i s  t h e  d a i l y  r u n o f f  volume, and LW i s  t h e  l e n g t h - w i d t h  r a t i o  
of  t h e  f i e l d .  It i s  e a s y  t o  s e e  h e r e  t h a t  t h e r e  a r e  m a n y . c o e f f i -  
c i e n t s  stemming from f i e l d  s t u d y .  I n  o r d e r  t o  o b t a i n  t h e s e  co- 
e f f i c i e n t s ,  t h e  d a t a  from 304 s t o r m s  were  f e d  i n t o  t h e  CREAMS 
model.  The s i z e  of  t h e  f i e l d  a y e a s  which were  a n a l y z e d  v a r i e d  
from 0.275 t o  24 m i 2 .  There  i s  no s t a t i s t i c a l  i n f o r m a t i o n  t o  
e x t r a p o l a t e  from t h e  s i z e  of  t h e  a r e a s .  C o n s i d e r i n g  t h e  d e t a c h -  
ment e q u a t i o n ,  one  c a n  d e t e r m i n e  parameteps  by o b s e r v a t i o n .  F o r  
example,  t h e  c o e f f i c i e n t  m ,  which r e p r e s e n t s  s l o p e  l e n g t h ,  i s  
c o n s t a n t  f o r  a s l o p e  l e s s  t h a n  150 f t .  and t h e r e  i s  a n  experimen- 
t a l  e q u a t i o n  t o  c a l c u l a t e  t h e  v a l u e  m f o r  a  s l o p e  l o n g e r  t h a n  
150 f t .  The Y a l i n  sed imen t  t r a n s p o r t  e q u a t i o n  was chosen  and 
m o d i f i e d  t o  d e s c r i b e  sed imen t  t r a n s p o r t  c a p a c i t y .  Some c o n s t a n t s  
i n  t h e  e q u a t i o n  were d e r i v e d  e m p i r i c a l l y .  With t h e  n u t r i e n t  com- 
ponen t ,  one  can  f i n d  a  number o f  e m p i r i c a l  c o e f f i c i e n t s .  Some 
c o e f f i c i e n t s  a r e  n o t  e x a c t l y  d e f i n e d .  F o r  example,  t h e  amount of 
s o l u b l e  phosphorus  which c o n t a i n s  t h e  phosphorus  e x t r a c t i o n  co- 
e f f i c i e n t  was c a l c u l a t e d .  However, t h e  e x a c t  v a l u e s  o f  t h e  
phosphorus  and n i t r o g e n  e x t r a c t i o n  c o e f f i c i e n t s  a r e  unknown. 
These c o e f f i c i e n t s  were  chosen  from t h e  o b s e r v e d  d a t a .  
The e r o s i o n  p r o c e s s  i s  d e f i n e d  by r a i n f a l l  and r u n o f f .  The 
CREAMS model u s e s  t h e  e q u a t i o n :  
f o r  s t o r m  E I  when d a i l y  r a i n f a l l  amounts  a r e  u sed ;  VR i s  volume 
o f  r a i n f a l l .  T h i s  a p p r o x i m a t e  e q u a t i o n  was d e v e l o p e d  u s i n g  t h e  
r e g r e s s i o n  a n a l y s i s  f rom 2700 d a t a  p o i n t s .  
Using e m p i r i c a l  r e l a t i o n s  i s  a  t r a d i t i o n a l  a p p r o a c h  i n  com- 
p l e x  i n v e s t i g a t i o n s  o f  n a t u r e .  The u s e  o f  r e g r e s s i o n  a n a l y s i s  
i s  n e c e s s a r y  a n d  e x t r e m e l y  h e l p f u l  i n  e v a l u a t i n g  t h e  n u m e r i c a l  
c o e f f i c i e n t s  o f  e m p i r i c a l  r e l a t i o n s .  N e v e r t h e l e s s ,  t h e  n e c e s s a r y  
r e s t r i c t i o n s  must  b e  k e p t  i n  mind. Fo r  example ,  suppose  some 
r e l a t i v e l y  homogeneous a r e a s  were  c h o s e n  a n d  u s i n g  i t s  n a t u r a l  
c h a r a c t e r i s t i c s ,  e . g .  s o i l ,  c l i m a t e  and  morphology o f  t h e  s l o p e s ,  
t h e  e m p i r i c a l  c o e f f i c i e n t s  o f  some e q u a t i o n s  were  c a l c u l a t e d .  
The n u m e r i c a l  v a l u e s  o f  t h e s e  c o e f f i c i e n t s  a r e  d e f i n e d  by t h e  
a v e r a g e  c h a r a c t e r i s t i c s  o f  t h e  a r e a s .  Because  t h e  a r e a s  a r e  n o t  
r e a l l y  homogeneous,  t h e  i n c r e a s i n g  number o f  a r e a s  c o n s i d e r e d  
o r  t h e  t e r r i t o r i a l  e x p a n s i o n  o f  any  o n e  a r e a  c a n  change  t h e  
n u m e r i c a l  v a l u e s  o f  t h e  c o e f f i c i e n t s .  With t h e  CREAMS model ,  
t h e  a u t h o r s  r e l y  on a l a r g e  s e t  o f  s t a t i s t i c a l  d a t a  and  a s  a 
r e s u l t ,  s u c h  a n  a p p r o a c h  y i e l d s  v e r y  good e m p i r i c a l  r e l a t i o n s h i p s .  
But  i n  p r i n c i p l e ,  t h e  u s e  o f  t h e s e  e m p i r i c a l  r e l a t i o n s  i s  d e f i n e d  
by c o n c r e t e  a g r i c u i t u r a l  f i e l d s  and  t h r o u g h  them by t h e  s i z e  o f  
t h e  a r e a s  which were  s t u d i e d .  T r a n s f e r e n c e  o f  t h e s e  r e l a t i o n s  
t o  l a r g e r  a r e a s  i s  n o t  a c c e p t a b l e .  The f o l l o w i n g  a p p r o a c h  i s  
t h e r e f o r e  s u g g e s t e d .  To i n c l u d e  more a n d / o r  l a r g e r  a r e a s  i n  a  
s t u d y ,  c a l c u l a t i o n  o f  t h e  a v e r a g e  c h a r a c t e r i s t i c s  o f  t h e s e  a r e a s  
by  a g g r e g a t i o n  mus t  f i r s t  b e  done.  Then, a  r e c a l c u l a t i o n  must  
b e  made o f  t h e  e m p i r i c a l  c o e f f i c i e n t s  o f  t h e  e q u a t i o n s  on t h e  
b a s i s  o f  t h e  r e g r e s s i o n  a n a l y s i s ,  t a k i n g  i n t o  a c c o u n t  t h e  a v e r a g e  
c h a r a c t e r i s t i c s  o f  t h e  a r e a s  and  some a d d i t i o n a l  e f f e c t s  which  
c a n  o c c u r  a t  t h e  r e g i o n a l  l e v e l .  F u r t h e r  c a l c u l a t i o n s  may b e  
made f o l l o w i n g  t h e  methodology  o f  t h e  CREAMS model .  T h i s  a p p r o a c h  
w i l l  r e p r e s e n t  t h e  second  o r d e r  o f  t h e  s p a c e  a g g r e g a t i o n .  
CONCLUSIONS 
The CREAMS model  i s  z complex model f o r  t h e  f i e l d  l e v e l  
which r e l i e s ,  when p o s s i b l e ,  on p h y s i c a l  l aws  and  r e g u l a r i t i e s .  
L i k e  e v e r y  model ,  t h e  CREAMS model h a s  some c o e f f i c i e n t s  and  
p a r a m e t e r s  which a r e  d e f i n e d  by s t a t i s t i c a l  d a t a  f rom d i f f e r e n t  
a g r i c u l t u r a l  f i e l d s .  The c a l c u l a t i o n  o f  t h e  n u m e r i c a l  v a l u e s  o f  
t h e s e  c o e f f i c i e n t s  and  p a r a m e t e r s  r e l i e s  on  t h e  l a r g e  s e t  o f  
s t a t i s t i c a l  d a t a  o f  t h e  s p e c i f i c  s i z e s  of  a g r i c u l t u r a l  a r e a s .  
Expanding t h e s e  a r e a s  c a n  l e a d  t o  a  change  i n  n u m e r i c a l  v a l u e s  
o f  t h e  c o e f f i c i e n t s .  A s  a  r e s u l t ,  u s i n g  t h e  CREAMS model w i t h -  
o u t  making a l t e r a t i o n s  f o r  a  r e g i o n a l  l e v e l  c a n  l e a d  t o  d e v i a t i o n s  
from t h e  r e a l  d a t a .  
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